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Two Phase Flow Water Gas Separation in Biomass Energy Production Abstract:
Recent concerns over the security and reliability of the world's energy supply has caused a flux in the research and development of renewable sources. A leading renewable source has been found in the biomass gasification of biological materials derived from organic matters such as wood chips, forest debris, and farm waste that are found in abundance in the USA. There is a very strong interest worldwide in the development of technologies that allow the coupling of biomass gasification and fuel cell systems to produce high-energy efficiency, clean environmental performance and near-zero greenhouse gas emissions. Biomass gasification is a process which produces synthesis gas (syngas) that contains 19% hydrogen and 20% carbon monoxide from organic matter.
In order to efficiently produce hydrogen from biomass that is capable of energizing the Proton Exchange Membrane (PEM) fuel cell to generate combined heat and power, ultraclean hydrogen with carbon monoxide (CO) content less than 10 parts per million (ppm) must be fed to the PEM fuel cell to prevent the poisoning of its platinum catalyst.
Therefore, the separation of gas from water was found to be a very necessary process for water conservation. The considerable centrifugal force difference between gases and liquids like water is the essence of this research work for the two phase separation. A prototype for the two phase separator has been designed, fabricated and tested.
A major objective of this project is to enhance the educational experiences for engineering students while working on a team project resembling a realistic work environment similar to that of an industrial setting. The outcome of such learning experiences from this effort will be the design, implementation, theoretical analysis, model development and experimental application in the near future of an interdisciplinary project-oriented course for engineering students. This course will involve concepts from fluid mechanics, heat transfer, instrumentation, and data acquisition/analysis.
Introduction:
In the ever fluctuating global atmosphere and oil prices, fossil energy supply is possibly the most prominent issue to have an influence on our environment. An increasingly turbulent climate that reigns over this earth has interests vested deep in the market of energy supply. The real issue lies within the non-renewable sources of energy that reign today. The United States gets about 84% of its total energy supply through the consumption of Oil, Coal, and Natural Gas, all of which are fossil fuels and are non-renewable.
(1) Biomass energy production is becoming an increasingly prominent alternative energy. Advancements in Biomass gasification would not only push further boundaries in research and engineering, but it would also help to stabilize the inherently unstable energy market that exists today.
Biomass energy is a process wherein organic matter is processed to yield an array of byproducts. The desirable synthesis gas, as previously stated, consists of 19% hydrogen and 20% carbon monoxide. Recent research and work aimed to further the development and optimization Page 26.1611.2 of the biomass process to increase extraction of hydrogen from the synthetic gas produced from the biomass process. In this process, for example, water and gases must be separated from their two phase flow to conserve water and allow the recycling of the water back to the steam generator. In order to perform two phase gas and water separation, one must first contextualize the separation with surrounding processes and phases.
Refer to Figure A to help put the separation process into context with the rest of Biomass gasification. The steps highlighted in yellow in the corresponding flow chart point out the portion of process that the relevant research went into.
Procedure
Part 1-Initial procedure of the separation of two phase flow is to create the two phases so that they can be separated by physical means. As the two phase flow leaves the module, as depicted in Figure B , the gas is in a mixture with a considerable portion of water vapor. The steam-syngas mixture must be separated later in the process but can only be done so in the form of a two phase flow. The synthesis gas would remain a gas and the steam would need to be changed into liquid water. This change is necessary because the method of separation depends upon relative densities.
The two phase flow is created by condensing the water vapor into liquid water. This condensation is necessary as the temperature of the synthesis gas/ steam mixture exiting the Steam Generator module is over 100 degrees Celcius. The condensation of the mixture is accomplished through the use of an automotive radiator and an electric fan. The choice of radiator was made with regards to final budget and economic viability. The electric fan is positioned in front of the radiator to draw fresh air into the radiator cooling fins. The mixture of syngas and water vapor travels through the high temperature hose from the steam generator into the radiator wherein a significant amount of heat is extracted due to increased surface area and heat exchange with the surrounding air. As the heat is removed, ideally all of the water vapor will be condensed into liquid water for further separation. After condensation, the two phase flow of gas and liquid water will be flowing together. This is wherein separation is required.
Figure (A) Process Schematic Diagram
Part 2-Following the establishment of a two phase flow of syngas and liquid water, the primary objective is now to separate the liquid water and syngas and route them effectively. The separation mechanism is based upon relative densities of the substances. In this instance, hydrogen gas is to be separated from liquid water. Since liquid water is usually 1 g/mL and hydrogen gas is approximately .000089 g/mL (2) the differential in density is significant enough to implement separation by density alone. The method by which to separate the two phase flow by density is to utilize the relative weight of the liquid water to push it down in the flow. This relocation of liquid water towards the bottom of the synthesis gas mixture means that it is possible to put a drain at the bottom of the flow to extract the liquid water. The drain would be in the shape of a, "T." This, "T," shape is commonplace amongst plumbing hardware and will easily fit into the final budget with fairly minimal labor cost and time. This, "T," design can be seen in Figure C as well as the drainage tank. The idea being that as the denser liquid water sorts towards the bottom of the separator, the water would be extracted from a drain hole in the bottom of the coupling. Now it was essential to be able to quantify the result in order to test the effectiveness of the methods of separation. It is not economically viable to implement sensors directly after and before the two phase separation. Therefore, it was necessary to develop an alternate method of quantifying data in order to interpret results. The way utilized to measure separation effectiveness is through the measurement of water flow rates going into and out of the system. Since water was introduced in the system, the flow rate is a controlled variable. In a perfect system then, the flow rate being introduced at the condenser should be the same as the flow rate being drained at the separator tank. Any difference in flow rates from input to drainage would be quantified as separation inefficiency (SI) and is used to calculate how effective the system is at separating the water and would help analysis.
Equipment
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The equipment used in the experiment can be broken down into two parts; primary equipment and analysis equipment.
Primary equipment consists of all the equipment that is physically part of the biomass gasification module. Examples of primary equipment include the steam generator, the Scrubbing system, Condensation radiator, and the two phase separator.
The analysis equipment is made up of the equipment used to quantify the data during live experiments that would later be used to interpret the performance of the system. Examples of analysis equipment are temperature probes, drainage tank, glass graduated cylinders, stopwatch, and a data sheet.
Data
The data taken from the experiment is in the form of an excel spreadsheet shown in Table 1 . The data to be taken into data tables are the Volume of Flow and time before and after two phase separation. These variables are expressed in the 
Analysis
Analysis and interpretation of the data taken is a necessary process to determine the effectiveness of the procedures taken in the experiment. The primary analysis of data to be done is to calculate Page 26.1611.7
the Separation Inefficiency (SI) Number, as discussed earlier. Since an average flow rate for before and after separation was collected, the SI number is calculated as follows. This SI number of 8.64% inefficient is important to note as it can be converted into a separation efficiency percentage if just subtracted from 100%
In effect, the separation efficiency of the gravity separator for Dual Phase Flow is 91.36% efficient.
Figure (C) Separation system

Impact in Engineering Technology Education
Emerging technologies such as those involving alternate forms of energy are expected to play a major role in modern engineering technology curricula. The results presented in this paper Page 26.1611.8
involve expertise from multidisciplinary teams in our school of engineering technology; in particular, technology of biomass, control systems, fluid mechanics, thermodynamics, and software applications. Major parts of this work were performed as student projects by the first author who is a student in the school of engineering technology. Namely the student was involved in setting up the biomass system, developing code for control algorithm and data acquisition, and running the experiments at Farmingdale State College supported by the Department of Energy (DOE). It is expected that this lab setup will be used in future undergraduate senior projects for students in the departments of mechanical engineering technology. In addition, interdisciplinary courses in alternate forms of energy, biomass, solar energy systems, and control mechanisms could be developed in the future as outgrowth of these experimental setups and activities. Parts of the algorithms developed have also been used as examples in existing courses.
The performance of the biomass system is influenced by many different parameters. In this paper we analyzed the optimal performance of two phase flow water gas separation in biomass system. Temperature is an important parameter to the maximize power. We will continuously investigate the relationship between temperature, humidity, time and power. For real life applications, we need to develop a more sophisticated system to consider many parameters in the extended running of biomass system.
Conclusion
Through experimentation and analysis, the efficiency of the Gas-water separation has been determined. While this number of 91.36% sounds like a reasonable efficiency percentage, it is not sufficient to stop the two phase separation and refine the purification of synthesis gas at this point. It would be reasonable to enhance the two phase separation to at least 97% efficiency in future gas-water separation experiments with a few key refinements. The refinements can be made in two possible areas
The first set of refinements can occur within the condensation phase of the experiment wherein a single phase flow is divided into a dual phase flow. It has become apparent, from careful examination of end products, that not all of the input water vapor is being condensed into liquid water. This is causing the two phase flow to mix more homogenously and creates an inefficient separation mixture in terms of splitting relative densities. Possible augmentations to the system to increase condensation would be changes to the automotive radiator or the radiator fan system. It would be possible to put a bigger fan in place to draw more air over the cooling fins of the radiator. Another possible improvement would be to place a second automotive radiator connected in series with the first radiator. A second radiator would ensure complete vapor condensation and would help with splitting into a more defined two phase flow.
The second set of refinements comes in the place of the Two Phase separator. Based upon the incomplete gas-water separation, it is probable that the method of density separation can be augmented through the use of some basic improvements. The idea of centrifugal separation may be employed to increase separation efficiency. Centrifugal Separation is defined as the, "Process to separate isotopes in which heavy atoms are split from the lighter atoms by centrifugal forces. Page 26.1611.9
The separation factor depends on the mass difference of the isotopes to be separated." (3) It would be possible to implement a curved separator to force the two phase flow along a curved path and increase the density separation as a result.
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